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atmosphere (CA), rcspectivcly (Hansen and Mellcnthin, 1979) . The commercial air storage target for 'Anjou' pears is typically 5 months; longer storage requires CA. The primary means of controlling superficial scald on 'Anjou' pears is a postharvest treatment with ethoxvquin. Ethoxyquin is labeled to he applied at a concentration of 2700 P L.L_ t within 7 d after harvest for complete scald control. Commercial ethoxvquin application options include drenching, line spraying, or wrapping with impregnated paper. Drenching ma y cause phvtotoxicity at 1350 p1. 1;' or above because of accumulation and consecltlent concentration of the chemical solution in the contact points between fruit, and between fruit and the container wall ((Then, 2004) . Line spray or paper wrap application can avoid phvtotoxicit-v. However, commercial packinghouses are capable of treating only a small amount of fruit within 7 d of harvest. Therefore, alternative methods for controlling superficial scald are needed b y the 'Anjou' pear industry. 1-MCP is a potential alternative for controlling superficial scald of 'Anjou' pears (Argenta et al., 2003; Bai et al., 2006; (Then and Spotts, 2005; Gapper et al., 2006) . However, Chen and Spotts (2005) reported that when 1-MCP dosages were 30 nLL' or higher, fruit lost normal ripening ability; on the other hand, when 1 -MCP dosages were 20 nL• J;t or lower, superficial scald was not controlled after 4 months of cold storage. Without 1 -MCP treatment, 'Anjou' pears generally remain firm during cold storage, and ripen within 7 d after transferring to room temperature if their conditioning requirement has been satisfied (Chen, 2004) .
In this study, combinations of a low dosage 1 -MCP treatment at harvest and a delayed low-dose ethoxvquill treatment were tested with respect to scald control and ripening capacity . We selected 25 nL. 1-MCP dosage because this treatment controlled scald for 3 months and did not affcct ripening (Bai et al., 2006) . The objective was to establish a protocol whereby the industry can treat 'Anjou' pears with 1-MCP quickly to avoid crowded packing lines during harvest, and subsequently treat with ethoxyquin and pack the fruit after up to 2 months of storage, providing scald control for LIP to months in air at -1 °C. Ripening behavior and superficial scald were evaluated by measuring flesh firmness (FF) and visual lv determining scald incidence.
Materials and methods

SOURCE
Superficial scald was classified according to the fruit surface area affected by scald in which 0.5 cm 2 or less scald area = ver slight; 0.6 to 1.0 cm = slight; 1.1 to 3.0 cm 2 = moderate; and greater than 3.0 cm 2 = severe. Scald was evaluated on 70 to 80 fruit per box, and those scored from slight to severe were considered commercially unacceptable.
FE was measured using a fruit texture anal yzer (model GS-14; Guss Manufacturing, Strand, South Africa).
Ten fruit per box were tested with an 8-mm plunger that penetrates 9 mm in 0.9 s and the force values were recorded in newtons. Two measurements were obtained per fruit from opposite sides at the equator where 20-mmdiameter peel discs were first removed. Eth ylene production was determined using a flow-through system. A 10-fruit (2 100 g) sample was removed from cold storage and placed into a 10-L chamber flushed with humidified air at a flow rate of 150 mL/min at 20 °C for 7 d. Gas samples were taken from the outlet of the chamber using a sy ringe and injected into a gas chromatograph (G(,-9A; Shimadzu, Kyoto, Japan) with a flame ionization detector (FID) and a Porapack Q col-01110(80/100 mesh, 1.83111 x 3.2 mm i.d.; Ailtech, Deerfield, IL), and the peak response was calibrated against an external standard of ethylene (LU [11A, 1).
-Farnesene and CT were measured immediately after cold storage using a spectrophotometer (model DU 64; Beckman, Fullerton, CA). Peel tissue (including the epidermis and 2-3 111111 of hypodermal cortex) froni five fruit was excised with a stainless steel fruit peeler. Tissue samples (5 g) were then extracted ill 25 mL of hexane (HPLC-grade; Fisher Scientific, Fair Lawn, NJ) in a covered beaker. The beaker with tissue and hexane was shaken with an orbital shaker (VSOS-4P; PRO Scientific, Oxford, (21) at 120 rpm and 20 C for 3 mm. The hcxanc extracts were diluted as required and then scanned for ultraviolet absorbance between 190 and 300 nm at 2-nm intervals.
-Farncscne and CT, respectively, were quantified from the absorbance values at 232 nm ( A 232 ) and A781 A290 , using the published molar extinction coefficients E1 3 2 = 27,700 and F 281 290 = 25,000 (Anet, 1972; Du and Bramlage, 1993; Huelin and Coggiola, 1968; Whitaker et al., 1997) .
El was obtained from 100 g of flesh tissue sampled from five fruit (peel and core removed) per replicate. A juicer (model 6001; Acme Juicer, Sierra Madre, CA) was used with a milk litter (Schwartz, Two Rivers, WI) at about 2500 to 3000 ij,, for 1 min and the juice volume was measured in a 100-ml. graduated cylinder ((Then and Mellenthin, 1981) .
SSC and TA were measured using EJ. SSC was measured with a refractometer (model Ni; Atago, Iokvo). TA was determined b y titrating a mixture of 10 niL of juice and 40 niL of ion-free water with 0.1 normal sodium hydroxide to pH 8.1 using a titration system (model T80/20; Schott-Geratc, Hotheim, German).
DATA ANALYSIS. The experiments were conducted using a completely randomized design with three replicates. SAS (version 8; SAS Institute, Gary , NC) was used to anal yze the data, including the incidence of superficial scald, FF, a-farnesene and CT concentrations, ethylene production, SSC, and TA, using analysis of variance (PROC ANOVA). Mean separation was determined by Duncan's multiple range test at the 5% level. (Fig. 1) . According to the U.S. standards for winter pears (Chen, 2004) , no more than a total of 10% of the fruit arc allowed to Table 1 IA) . In the 2004 season (Fig. 1B) , scald incidence was generally lower than in 2003 for all treatments and the control, however, it is still clear that the later ethoxyquin was applied the lower its efficiency was in scald control. 1-MCP application controlled scald completely after a 3-month cold storage in both years, regardless of whether an ethoxyquin drench was also applied (Fig. 1) . However, treatment of pears with 1-MCP alone did not control scald after cold storage for 4 months (Fig. 1) . The combinations of ethoxvquin and 1 -MCP treatments controlled scald for up to S months, although scald occurred ill 5% to 9% of the fruit (Fig. 1) . A delayed application ofethoxyquin (up to 60 d) was equally elfectivc in scald control, if not better, compared with the labelrecommended applications within 7 d after harvest (Fig. 1) . However, the label-recommended concentration of 2700 lIL. L was not tested; onl y the lower eoncentrati011 of 1000 pLL was used in these experiments. Thus, with a 25 nLL' l-MCP treatment, which can be rapidl' applied to a large quantity of fruit, a delayed (up to 60 d) and reduced dosage application of ethoxyquin was effective to control scald.
Results and discussion
Many publications show a strong correlation between scald incidence and the level of oxidation products of a-farnesene (Anet, 1972; Du and Bramlage, 1993; Gapper et al., 2006; Huelin and Coggiola, 1968; Whitaker et al., 1997) . Ethoxyquin treatment increased -farnesene accumulation but decreased CT content in pear peel tissue (Tables I and 2 (Fig. I) , a-farnesenc and CT levels were similar in the 2 'ears (Tables 1  and 2 ). RIPENING BEHAVIORS. All fruit ripened properly to eating quality of FF < 27 N within 7 d of shelf life at room temperature regardless of treatments (Tables 1 and 2 (Tables 1 and 2 ). However, all groups of fruit softened similarly after S months of storage (Tables 1 and 2 ). The best eating quality of pears is when FE has decreased to between 14 and 23 N, with extractable juice content of <65 mL/100 g fresh weight (FW) (Chen and Borgie, 1985) . The control fruit were of the best quality after 3 months of storage, with EJ 58 mL/100 g FW. Quality decreased during extended storage, as indicated by an increase in EJ to 60 to 62 mL/ 100 g FW and 63 to 65 mL/100 g FW after 4 and 5 months, respectively (Tables 1 and 2 ). Chen and Borgic (1985) reported that EJ is an objective means for evaluating texture of pears. Water-soluble pol yuronides in the flesh increase dramaticall y during ripening, resulting in an apparent rise in hound water. Those pears that have a buttery and juic y texture usuall y show a greater decrease in EJ (Chen and Borgic, 1985) . 1-MCP-trcatcd fruit ripened to eating softness, but did not reach the best eating quality after a 3-month storage, as indicated by a high FF of 23 to 27 N and high EJ of 63 to 65 mL/ 100 g FW (Chen and Borgic, 1985) . However, quality was improved after 4 and 5 months of storage, as indicated by FF of 15 to 21 N and EJ of 57 to 60 mL/100 g FW, and was actuall y better than that of control fruit, especially after 5 months of storage (Tables 1 and 2) . Additionally, 1 -MCP treatment delayed the loss of TA, regardless of ethoxy -q u i n a p p l i c a t i o n ( T a b l e s 1 a n d 2 ) . However, 1 -MCP and ethoxvquin treatments, alone or in combination, did not affect SSC (data not shown).
Conclusions
A 25 nL . 1;' 1-MCP application at 20 °C for 24 11 on the day of harvest plus an ethoxyquin drench at 1000 ftL-L' after 1, 7, 30, or 60 d of cold storage controlled superficial scald of 'Anjou' pears stored in air at -1 °C for
